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The clinical appropriateness of preoperative cere-
bral tomographic (CT) scan for patients undergoing
carotid endarterectomy (CEA) is still under debate.
Preoperative cerebral imaging has been considered
not to be cost-effective in CEA for asymptomatic
stenosis because both CT scan and magnetic reso-
nance imaging (MRI) are expensive and seldom, if
ever, condition surgical treatment.1-3 Silent brain
infarction (SBI) (ie, a low-density area on cerebral
CT scan not related to previous neurological symp-
toms) has been defined as a marker of vascular dis-
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ease; thus CT scan could be helpful in selecting
asymptomatic patients who require CEA.4-8 The
reported incidence of SBI in different studies varies
widely from 15% to 84% of patients.5,6,8-10 This dis-
crepancy may be explained by the different tech-
niques of cerebral imaging used (ie, CT or MRI) by
the different age groups, or by different definitions of
SBI. The significance of lesions found with CT scans
in asymptomatic patients with carotid stenosis who
are undergoing CEA remains an open issue, particu-
larly when considering surgical treatment.7,11-15
In a previous paper we reviewed CT scanning
records of 844 patients who underwent CEA for
symptomatic and asymptomatic disease.7 In the pre-
sent study preoperative CT scans of asymptomatic
patients of our previous study cohort, together with
CT scans of an additional 48 asymptomatic patients
who were recruited subsequently, were reviewed by
a neuroradiologist to further define the role of pre-
operative cerebral imaging before CEA. The aim of
this study is to evaluate whether cerebral infarction
detected on preoperative CT scan influences early
and late outcomes in patients undergoing CEA for
asymptomatic carotid stenosis.
PATIENTS AND METHODS
From January 1986 to December 1995, data
were collected in a database from 1199 patients
undergoing CEA at our unit. Four hundred-eight
CEAs were performed on 364 asymptomatic
patients who were referred to our unit for carotid
stenosis that was detected during screening for gen-
eralized atherosclerosis (peripheral and coronary
artery disease) and related risk factors. Preoperative
CT scans were reviewed by a single neuroradiologist
(N.C.) who was blinded to clinical findings, surgical
outcome, and additional imaging (angiography,
MRI, or duplex scan). In 63 patients, preoperative
CT scans were not available, or the review was not
reliable because of poor quality of the film; thus the
study cohort comprised 301 patients. Mean age was
66.8 years (range, 41-81 years); 27% were women. 
Patients were considered asymptomatic in the
absence of a previous history of hemispheric, ocular, or
vertebrobasilar symptoms. Preoperative work-up at
our unit includes neurologic evaluation by an inde-
pendent audit in all cases when the clinical status of the
patient (symptomatic or asymptomatic) is uncertain in
the operating surgeon’s judgment. The diagnosis of
postoperative stroke was based on clinical evaluation
with the criteria of the World Health Organization:
“…rapidly developing clinical signs or focal distur-
bance of cerebral function lasting more than 24 hours
or leading to death with no apparent cause other than
vascular origin”.16 The residual disability was evaluat-
ed according to a modified Rankin scale,17 and strokes
were subdivided into disabling and nondisabling,
based on the handicap score of patients 6 months after
the event (disabling, Rankin ‡ 3). 
Preoperative CT scans were defined as positive or
negative depending on the presence of one or more
hypodense lesions based on classic CT templates.18-
20 Two subgroups of cerebral lesions were consid-
ered: lacunar and nonlacunar infarctions. Lacunar
infarction was defined as a deep, sharply delineated
hypodense lesion less than 10 mm in size on CT
scan, compatible with the occlusion of a small perfo-
rating artery at the base of the brain, as previously
defined.8,21 On the basis of the relationship between
nonlacunar infarctions and atherosclerotic disease of
the extracranial vessels, when both lacunar and non-
lacunar infarctions were present, lesions were classi-
fied as nonlacunar.22
Carotid artery stenosis was diagnosed by angiog-
raphy in 262 patients and by duplex scan in the
remaining patients. The degree of lumen reduction
was measured bilaterally in all patients, in a total of
602 carotid arteries. Our carotid database includes
data prospectively entered since 1986. The
European Carotid Surgery Trial method for mea-
surement of carotid stenosis by angiogram is used.23
Rothwell et al24 analyzed the equivalence between
the European Carotid Surgery Trial and North
American Symptomatic Carotid Endarterectomy
Trial methods for measurements of carotid stenosis.
Because the present study focuses on asymptomatic
patients, in reporting endpoints, stenoses were clas-
sified as less than 60% versus 60% or more, accord-
ing to the Asymptomatic Carotid Atherosclerosis
Study guidelines.25 The criteria for defining stenosis
by duplex scan and the velocity cut-points were
based on previous validation studies.26-28 The asso-
ciation between the degree of stenosis and the pres-
ence of cerebral ipsilateral hemispheric lesions on
CT scan was considered in all 602 carotid arteries
and for the type of cerebral infarction. Intracerebral
arterial stenosis was defined as lumen reduction of
50% or more of the intracerebral vessel, as detected
on cerebral angiography.
All postoperative disabling strokes and deaths
occurring within 30 days of CEA were considered as
major perioperative complications. Minor neurolog-
ic and nonneurologic complications were likewise
recorded. Mean follow-up was 67.3 months (range,
24-130 months), and no patients were lost to the
study. Each patient evaluation consisted of a clinical
examination or telephone interview at 1, 6, and 12
months after surgery and yearly thereafter. When
possible, duplex scanning was also part of the fol-
low-up examination. 
A neurologist evaluated each postoperative neu-
rologic event. CT scan was used to define the nature
of postoperative stroke. 
Data were analyzed with the statistical package
SPSS (SPSS Inc, Chicago, Ill) and EpiInfo (Center for
Disease Control, Atlanta, Ga) software. Demo-
graphics, risk factors, and comorbidities of patients
with CT lesions were compared with those of patients
without cerebral infarctions, using c 2 Yates corrected,
Fisher’s exact test, the Student’s t test, and odds ratio
(OR) with 95% confidence intervals (CIs). Variables
were considered statistically significant at a level of P
< .05. The prognostic impact of ischemic CT lesions
on subsequent risk of stroke and death was investigat-
ed with the use of life tables and Cox regression mod-
els. If patients experienced more than one neurologic
event during follow-up, only the first event was 
considered for purposes of life table analysis. Corres-
ponding log rank test, hazard ratio, and 95% CI were
used in data analysis. Multivariate analysis was per-
formed taking outcome measures (early and late
stroke, late death), as dependent variables, and enter-
ing the independent variables (age, sex, diabetes, alco-
hol, hypertension, hyperlipidemia, smoking, atrial fib-
rillation, coronary artery disease, peripheral vascular
disease, contralateral carotid occlusion, intracranial
vessel stenosis, any cerebral infarction, and lacunar
and nonlacunar) into the model to identify possible
independent predictors. 
RESULTS
A total of 301 CT scans were re-evaluated; no
infarctions were found in 198 scans (66%). Of 103
CT scans (34%) positive for cerebral lesions, 60
(58%) were lacunar and 43 (42%) were of nonlacunar
type. A total of 133 lesions were detected. Eight CT
scans revealed both lacunar and nonlacunar lesions
and were classified as nonlacunar infarctions. Forty-
five patients underwent staged bilateral CEA (13
patients in the CT positive group and 32 patients in
the CT negative group). Ninety-seven percent of the
operated stenoses were 60% or more. Baseline data
and risk factors of patients with and without SBIs are
shown in Table I; there were no statistically signifi-
cant differences among groups, with the exception of
age. Older patients (P = .01) were more prone to
experience SBI before surgery. All patients were
receiving antiplatelet therapy after surgery (aspirin or,
in the case of gastric intolerance, ticlopidine). 
In 602 carotid arteries examined, the frequency
of carotid stenoses of 60% or more was 399 of 602.
On analysis of the side of the cerebral lesions on
CT scan relative to the degree of the correspond-
ing carotid stenoses, no significant associations
were observed when both the 60% or more and the
less than 60% groups of stenoses were evaluated; 38
silent lesions were detected in the 203 hemispheres
ipsilateral to carotid stenoses less than 60% versus
95 SBIs in the 399 hemispheres ipsilateral to
carotid stenoses of 60% or more (19% vs 24%; P =
.2; Table II).
The perioperative rate of major complications was
not significantly higher for patients with preoperative
JOURNAL OF VASCULAR SURGERY
Volume 29, Number 6 Cao et al 997
Table I. Demographics and risk factors of 301 patients undergoing CEA for asymptomatic carotid stenosis
SBI+*† (n=103) SBI–‡§ (n=198)
n % n % P value
Mean age .01
Male 79 77 140 71 .3
Alcohol consumption 13 13 27 14 .9
Smoking 22 21 50 25 .5
Hypertension 55 53 104 53 .9
Diabetes 23 22 30 15 .1
Hyperlipidemia 40 39 73 37 .8
Peripheral occlusive disease 42 41 66 33 .2
Coronary artery disease 19 18 42 21 .6
Atrial fibrillation 5 5 4 2 .2
Contralateral carotid occlusion 15 15 10 5 .08
Intracranial arterial stenosis( 17 18 22 13 .3
*Patients with preoperative SBI on CT scan.
†Mean age, 68.4 ± 6.5 years.
‡Patients without preoperative SBI on CT scan.
§Mean age, 66.1 ± 7.8 years.
(Detected only in patients undergoing preoperative arteriography (SBI+, 92 patients; SBI–, 170 patients).
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SBI, relative to patients without preoperative SBI
(2% vs 1%; OR, 1.94; CI, 0.14-27.1; P = .6). Two
patients died perioperatively; one of ipsilateral stroke,
and the other of pulmonary embolism. Late stroke
occurred in 16 patients (5%). Late death occurred in
53 patients (22%). Eight of the late strokes (50%)
were ipsilateral to the operated carotid artery. None
of these patients had a recurrent stenosis of the oper-
ated carotid artery at the time of the neurologic
event. In 9 of 103 patients with SBI, late stroke was
ipsilateral to the preoperative CT lesion (9%). Causes
of late death included myocardial infarction in 22
patients (7%), stroke in 7 patients (2%), cancer in 14
patients (5%), ruptured aortic aneurysm in 3 patients
(1%), and other causes in 7 patients (2%). The occur-
rence of early and late events in patients with and
without SBI is summarized in Table III.
With the use of life table analysis, risk of death at
10 years was 39% in the group with SBI as compared
with 31% in the group without cerebral lesions (log
rank test; P = .02; Fig 1; Table IV). Similarly, over
the same period the risk of stroke (ipsilateral or con-
tralateral, disabling or not) was 21% and 11% (log
rank test; P = .01; Fig 2; Table V). Fig 3 and the cor-
responding life tables (Table VI) show the cumula-
tive risk of ipsilateral stroke. 
Multivariate analysis, with the use of Cox regres-
sion models, showed that preoperative SBI was an
independent predictor of late stroke (Table VII). This
risk was evident for both lacunar and nonlacunar
lesions and was increased when CT scan was positive
for silent nonlacunar infarctions, as compared with
lacunar infarctions. Multivariate analysis also showed
that lacunar infarction, age more than 70 years, and
diabetes were independent predictors of late death. 
DISCUSSION
The concept of SBI and its theoretic and phys-
iopathologic implications has been extensively
explored mainly by neurologists.4-6,8-10,14,15,21,22,29-32
An important study on this issue by Brott et al6 report-
ed the prevalence of and the radiologic and clinical
characteristics of patients with asymptomatic brain
infarctions, within the setting of the Asymptomatic
Carotid Atherosclerosis Study trial. Likewise, in a
detailed review Caplan5 analyzed the frequency of
unexpected infarctions, their detection on MRI as
compared with CT, their location and type, and their
correlation with clinical features. Conversely, few data
are available on the clinical significance of SBIs in
patients with asymptomatic carotid disease and the
influence of unexpected infarcts on surgical out-
come.2,13 Our study focuses on this aspect of the issue
and to our knowledge has the longest follow-up.
Table II. Congruity between carotid stenosis and SBI in 602 carotid arteries (301 patients)
Carotid artery stenosis
0%-59% (n=203) 60%-100% (n=399)
n % n % P value
SBI (n=133) 38 19 95 24 .2
Lacunar 19 9.5 58 15 .09
Nonlacunar 19 9.5 37 9 .9
Table III. Incidence of early (30 days) and late complications in 301 patients
SBI+ (n=103) SBI– (n=198)
n % n % P value OR 95% CI
Early events 
Major stroke/death 2 2 2 1 .6 1.94 0.1-27.1
Minor stroke 3 3 2 1 .3 2.9 0.3-35.6
Late events
Stroke 11 11 5 3 .01 4.6 1.4-17.4
Ischemic 6 6 4 2 .09 3.0 0.7-14.7
Hemorrhagic 5 5 1 1 .01 10.1 1.1-477.7
Ipsilateral to CEA 7 7 1 1 0 14.4 1.8-650.6
Ipsilateral to SBI 9 9
Death 23 22 30 15 .1 1.6 0.8-3.1 
Vascular death 13 13 19 10 .5 1.4 0.6-3.1
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Table IV. Life table analysis of survival
Interval Entering interval Withdrawn Exposed to Events Interval survival Cumulative survival Standard error
(mo) (n) (n) risk (n) (n) (%) (%) (%)
SBI+
0-12 103 0 103.0 4 96.12 96.12 1.9
12-24 99 0 99.0 4 95.96 92.23 2.64
24-36 95 15 87.5 7 92.0 84.85 3.61
36-48 73 9 68.5 1 98.54 83.62 3.77
48-60 63 14 56.0 1 98.21 82.12 3.98
60-72 48 11 42.5 2 95.29 78.26 4.64
72-84 35 9 30.5 4 86.89 67.99 6.26
84-96 22 7 18.5 2 89.19 60.64 7.43
96-108 13 8 9.0 0 100.0 60.64 7.43
108-120 5 3 3.5 0 100.0 60.64 7.43
120+ 1 1 0.5 0 100.0 60.64 7.43
SBI–
0-12 198 0 198.0 5 97.47 97.47 1.11
12-24 193 0 193.0 1 99.48 96.97 1.22
24-36 192 28 178.0 3 98.31 95.34 1.52
36-48 161 12 155.0 6 96.13 91.64 2.08
48-60 143 27 129.5 8 93.82 85.98 2.75
60-72 108 30 93.0 0 100.0 85.98 2.75
72-84 78 17 69.5 1 98.56 84.75 2.98
84-96 60 19 50.5 3 94.06 79.71 3.97
96-108 38 16 30.0 2 93.33 74.4 5.19
108-120 20 11 14.5 1 93.1 69.27 6.92
120+ 8 8 4.0 0 100.0 69.27 6.92
Fig 1. Long-term survival of patients with SBI compared with patients with negative preop-
erative CT scan.
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Fig 2. Stroke-free interval in patients with and without preoperative SBI.
Table V. Life table analysis of stroke 
Interval Entering interval Withdrawn Exposed Events Stroke-free Cumulative Standard
(mo) (n) (n) to risk (n) interval (%) stroke free (%) error (%)
SBI+
0-12 103 3 101.5 3 97.04 97.04 1.68
12-24 97 2 96.0 5 94.79 91.99 2.72
24-36 90 21 79.5 1 98.74 90.83 2.92
36-48 68 10 63.0 1 98.41 89.39 3.21
48-60 57 15 49.5 1 97.98 87.59 3.62
60-72 41 11 35.5 0 100.0 87.59 3.62
72-84 30 10 25.0 1 96.0 84.08 4.88
84-96 19 8 15.0 1 93.3 78.48 7.08
96-108 10 7 6.5 0 100.0 78.48 7.08
108-120 3 2 2.0 0 100.0 78.48 7.08
120+ 1 1 0.5 0 100.0 78.48 7.08
SBI–
0-12 198 5 195.5 5 97.44 97.44 1.13
12-24 188 1 187.5 1 99.47 96.92 1.24
24-36 186 30 171.0 0 100.0 96.92 1.24
36-48 156 14 149.0 0 100.0 96.92 1.24
48-60 142 35 124.5 0 100.0 96.92 1.24
60-72 107 30 92.0 1 98.91 95.87 1.61
72-84 76 18 67.0 0 100.0 95.87 1.61
84-96 58 22 47.0 0 100.0 95.87 1.61
96-108 36 16 28.0 2 92.86 89.02 4.9
108-120 18 11 12.5 0 100.0 89.02 4.9
120+ 7 7 3.5 0 100.0 89.02 4.9
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Table VI. Life table analysis of ipsilateral stroke
Ipsilateral Cumulative
Interval Entering Withdrawn Exposed Events stroke-free ipsilateral Standard
(mo) interval (n) (n) to risk (n) (n) interval stroke-free % error (%)
SBI+
0-12 103 3 101.5 3 97.04 97.04 1.68
12-24 97 4 95.0 2 97.89 95.0 2.18
24-36 91 22 80.0 0 100.0 95.0 2.18
36-48 69 10 64.0 1 98.44 93.52 2.6
48-60 58 15 50.5 1 98.02 91.67 3.14
60-72 42 11 36.5 0 100.0 91.67 3.14
72-84 31 11 25.5 1 96.08 88.07 4.64
84-96 19 8 15.0 1 93.33 82.2 7.14
96-108 10 7 6.5 0 100.0 82.2 7.14
108-120 3 2 2.0 0 100.0 82.2 7.14
120+ 1 1 0.5 0 100.0 82.2 7.14
SBI–
0-12 198 5 195.5 3 98.47 98.47 0.88
12-24 190 1 189.5 0 100.0 98.47 0.88
24-36 189 31 173.5 0 100.0 98.47 0.88
36-48 158 16 150.0 0 100.0 98.47 0.88
48-60 142 35 124.5 0 100.0 98.47 0.88
60-72 107 30 92.0 0 100.0 98.47 0.88
72-84 77 18 68.0 0 100.0 98.47 0.88
84-96 59 22 48.0 0 100.0 98.47 0.88
96-108 37 17 28.5 1 96.49 95.01 3.5
108-120 19 12 13.0 0 100.0 95.01 3.5
120+ 7 7 3.5 0 100.0 95.01 3.5
Fig 3. Ipsilateral stroke-free interval in patients with and without preoperative SBI.
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Although there is a tendency in the literature to
consider SBIs as occurring more often distally to a
severe carotid stenosis,5,21,23,29,33,34 the present study
does not support this conclusion, in accordance with
others.6,30 On analysis of all 602 carotid arteries and
comparison of the degree of stenosis, many cerebral
infarctions, including nonlacunar infarctions, were
found to occur distally to a mild or moderate carotid
disease. The data also indicate that the neurologic
long-term outcome is remarkably affected in patients
with SBI relative to patients without SBI. 
In a previous paper, we reviewed CT scanning
records of 844 patients undergoing CEA for sympto-
matic and asymptomatic disease and found that the
risk of perioperative stroke and death and of late
stroke and death in patients with preoperative SBI was
increased as compared with patients with negative CT
findings.7 Interestingly, asymptomatic patients with
unexpected infarcts showed a higher risk of the devel-
opment of early and late neurologic events. In the
mentioned study, patients who did not experience
hemispheric symptoms were considered asympto-
matic (ie, patients with vertebrobasilar symptoms).7
In the present study, we analyzed totally asympto-
matic patients of the previous series. Despite the
restrictions imposed by the new enrollment criteria
and the participation in this study of a neuroradiolo-
gist who analyzed all CT scans, our previous findings
were confirmed with respect to late stroke and sur-
vival. As for early major morbidity and deaths,
although different from our previous review, there
were no statistically significant differences between
patients with and without SBI, it should be appreciat-
ed that the number of events was rather small and that
a nonstatistically significant figure may have masked a
clinical significance (2% major stroke/death rate in
patients with SBI vs 1%; OR, 1.94; Table III).
Clearly, asymptomatic patients with SBI belong
in a category with an unfavorable long-term prog-
nosis. In this regard, we would like to emphasize
that, on considering the type of brain lesions, multi-
variate analysis revealed that the presence of lacunar
infarction was an independent predictor of late
stroke and death, whereas nonlacunar infarction was
an independent predictor of late stroke only. These
considerations are in line with the known relation-
ship between lacunar infarction and advanced age.35
At a time when indications for CEA in asymptomatic
patients are still undergoing definition, such findings
may be useful because they question the value of sur-
gical repair in specific subgroups. Our data showed
that most late events in patients with SBI were ipsi-
lateral to the preoperative silent lesion and to the
operated carotid artery and that about one half of
the late strokes were hemorrhagic. Although a
stroke-free interval of 80% at 10 years in our patients
can be considered a satisfactory result, it should be
noted that this interval is significantly shorter than in
patients without preoperative SBI. In our series the
presence of infarction on CT compromised the
effect of surgical repair; patients with SBI were
almost five times more likely to experience a stroke
during follow-up when compared with patients with
a negative preoperative CT scan (Table VII). Yet, we
cannot exclude that such patients might have expe-
rienced even worse outcome if treated medically. 
Although we are convinced that unexpected
infarcts should be taken into account when the
choice of treatment is being considered, to derive
therapeutic guidelines from our data would not be
Table VII. Multivariate analysis: Cox regression (backward stepwise logistic regression)
Late death Late stroke
P value HR 95% CI P value HR 95% CI
SBI .08 1.6 0.9–2.8 .003 4.9 1.7–14.5
Lacunar infarct .03 1.9 1.1-3.7 .04 3.6 1.1–12.8
Nonlacunar infarct .7 1.1 0.5–2.7 .001 7.1 2.1–23.3
Age > 70 years .005 2.2 1.3–3.8 .1 2.6 0.8–8.9
Male patients .02 2.6 1.1–6.1 .2 3.5 0.4–29.2
Diabetes .04 1.9 1.1–3.5 .1 2.5 0.8–8.1
Smoking .07 1.9 0.9–3.7 .5 0.6 0.1–2.9
Hypertension .8 0.9 0.6–2.1 .7 1.3 0.4–3.7
Hyperlipidemia .6 1.1 0.6–2.1 .8 1.0 0.3–3.2
Peripheral artery disease .4 1.2 0.7–2.2 .07 2.8 0.9–8.7
Coronary artery disease .08 1.8 0.9–3.5 .9 1.1 0.3–3.9
Atrial fibrillation .6 0.5 0.07–4.2 .8 0.9 0.04–5.2
Contralateral carotid occlusion .1 1.9 0.8–4.2 .4 0.4 0.05–3.8
Intracranial stenosis .9 1.0 0.4–2.1 .4 1.6 0.5–5.4
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an easy task. It remains a controversial issue whether
or not it would be appropriate to operate on these
patients. Only a randomized trial with specific analy-
sis of subgroups of patients can clarify this issue. 
From a surgical standpoint, it would be useful to
possibly provide suggestions on the management of
asymptomatic patients with SBI and severe carotid
stenosis. It is reasonable to question whether it
might be appropriate to perform a CT scan, search-
ing for silent infarcts. Nevertheless, because of the
many facets of this partially explored issue and the
lack of a control group in ours and previous studies,
it is difficult to draw definite conclusions. There is
no evidence that asymptomatic patients with SBI
would fare better if not undergoing an operation. A
poised interpretation of our data and an objective
therapeutic attitude, until additional data will be
available from randomized trials, may be that of
restricting the use of a preoperative CT scan to
asymptomatic patients with borderline surgical indi-
cation (ie, patients with stenosis between 60% and
70%, patients with severe diabetes, older patients).
In such cases, a positive CT may be taken as a deci-
sive factor against surgery. 
In conclusion the presence of SBI in asympto-
matic patients undergoing carotid surgery is a mean-
ingful negative prognostic factor in long-term out-
come. In the case of borderline surgical indication, a
preoperative CT scan may help refine decision mak-
ing in the treatment of asymptomatic patients
undergoing CEA.
We thank Dr. Richard P. Cambria for continuous sup-
port of our studies. 
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DISCUSSION
Dr William Flynn. You have clearly shown that people
who have had stroke disease, documented by CT scan,
have more stroke disease. You have jumped to the conclu-
sion that, in your patients, your data support a generally
conservative approach to CEA. I have not seen any specif-
ic breakdown in your cases as to whether the CT lesions
were on the side of the carotid lesions or not, other than
a statement that they were evenly distributed, and there
was no association.
Certainly some CT lesions were on the side of the
carotid lesion; I would guess probably one half. You also
have no controls. You do not have any nonoperated
patients. I am not certain your data support an argument
against surgery. One might suspect that, in a subgroup of
patients who had a lesion on the side of a tight carotid
lesion, the patients probably would have been shown to
have done better with surgery than with conservative treat-
ment. I am not sure your data support your conclusions.
Dr Cao. With respect to congruity between carotid
stenosis and silent brain lesions, 23% of the brain lesions
were ipsilateral to severe carotid stenosis, and 20% of the
brain lesions were ipsilateral to stenosis less than 70%. This
difference was not statistically significant.
We do not have medically treated patients as a control.
We did not draw any definite conclusions, and we
acknowledge that medically treated patients may have had
a worse outcome. As I said, only a randomized trial with
specific analysis of subgroups can establish the benefit of
surgery in asymptomatic patients with SBI.
We found that CT preoperative lesions are associated
with a poor long-term prognosis. Late strokes were
strongly associated with perioperative CT lesions. What
we can say is that there is some different biologic behavior
on the hemisphere ipsilateral to the silent brain lesion.
Dr Yvon Baribeau (Manchester, NH). This was a very
interesting study. Do you have any documentation of arch
disease on those patients, for example by transesophageal
electrocardiogram? I am a cardiac and vascular surgeon,
and I will tell you that a lot of those people have signifi-
cant aortic arch disease, and carotid disease is concomitant
to this diffuse atherosclerotic process. It is the same
patient who has a very high risk of subsequent stroke and
in prospective studies, the risk of stroke was higher than
for any other risk factor, including carotid disease, on a
yearly basis.
I think that the study would be much more informa-
tive if you had a transesophageal echocardiogram con-
comitant with your carotid evaluation to evaluate their
proximal aorta. Maybe the conclusion should be that we
can help those patients by intervening on both carotid and
arch level for their severe atherosclerosis and reduce the
risk of embolization.
Dr Cao. You made a very good point. However, only
80% of our patients underwent angiograms and the major-
ity underwent bilateral selective carotid angiogram. I have
no data with respect to arch disease.
Dr Baribeau. Just a short comment. The angiogram is
a bad test, in our experience, to qualify severe atheroscle-
rotic proximal aorta. We have had experience with over
2000 epi-aortic echocardiograms during heart surgery and
since a lot of our patients have angiograms of arch and
carotid preoperatively for significant carotid disease or
brachial gradient, I will tell you that the angiogram might
show a very smooth aorta, which is very bad by epi-aortic
echocardiogram, particularly for small mobile debris that
is not seen through dye contrast.
Dr Frank Logerfo (Boston, Mass). I found your data
interesting and point out that, years ago, Dr Pat Clagget
looked at the value of preoperative and postoperative CT
scans of patients undergoing carotid surgery. He found the
same incidence of SBIs, I think it was 18% in his series, which
is very similar to yours. In that case it was prospective, so all
patients undergoing CEA had a CT scan and 18% had SBIs,
very similar to yours, even though yours was not done
prospectively. I think that adds some support to your data.
I am curious about the late strokes. Were these late
strokes or late infarcts? Was the diagnosis made on a fol-
low-up CT scan, or did they actually have clinical stroke?
Dr Cao. The diagnosis of stroke was made clinically in
all cases, both perioperatively and later during follow up.
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